Xiphinema parachambersi n. sp. recovered in Ningbo, China, from the rhizosphere of ornamental plants (Gardenia jasminoides and Euonymus hamiltonianus) imported from Japan is described. The new species is characterized by a long female body 1,830 to 2,109 μm long, odontostyle 105 to 116 μm long, reproductive system monoopisthodelphic, vulva located anteriorly at 25.2 to 27.7% of total body, long ovary 119 to 292 μm with simple uterus and Z-organ absent, female tail elongated conoid with a rounded terminus. Only two juvenile stages were available to study and no male was found. The polytomous identification codes for this new species are A1, B4, C2, D23, E1, F2, G2, H2, I2, J2, K?, L1 and it belongs to the morphospecies group 1. Phylogenetic analysis based on the 18S, ITS1 and 28S D2/D3 sequences of the new species showed close relationships with X. chambersi. Morphologically, the new species is similar to X. chambersi, X. hangzhouense, and X. winotoi but can be differentiated by morphological characters and DNA sequences. To help identify the species, a diagnostic key to the group 1 species is presented.
In order to make the final species identification, a detailed morphological and DNA sequencing analysis was conducted which resulted in a new species and was herein described as X. parachambersi n. sp. The objectives of the present study were to: (i) provide a morphological description of the new species and compare it with other similar species; (ii) characterize the species molecularly, using three DNA markers, 18S, ITS1, and 28S D2/D3 ribosomal (iii) examine the phylogenetic relationships of the new species with other species in Xiphinema.
Materials and methods
Nematode samplings, extraction, and morphological study Xiphinema specimens were collected from the rhizosphere of Gardenia jasminoides (sample number: 2186-1) and Euonymus hamiltonianus (sample number: 2186-2) from the same container using modified Baermann funnel method for 24 to 48 hr. Measurements were made on specimens fixed in TAF and processed to glycerin following the method of Seinhorst's (1959) . The nematodes were measured using AxioVs40 (v4.6.3.0) of Zeiss company. All the abbreviations used are as defined in Decraemer and Hunt (2006) . Light micrographs were made using a Zeiss Imager Z1 microscope equipped with a Zeiss AxioCam MRm CCD camera. Drawings were made with a drawing tube. Juvenile stages were determined by a plot with scattergraph method of the lengths of odontostyles and replacements.
Molecular analyses
For DNA extraction, a single nematode was transferred to worm lysis buffer (WLB: 20 mM Tris-HCl pH 8.0, 100 mM KCl, 3.0 mM Mg2Cl, 2.0 mM DTT, 0.9% Tween) and crushed with a sterilized pipette tip. The crushed nematode was pipetted into 8 µl ddH 2 O with 2 µl proteinase K (60 µg/ml) in an Eppendorf tube, which was then briefly spun and stored at −70°C for at least 10 min. Subsequently, the Eppendorf tube was incubated at 65°C for 1 to 2 h and the proteinase K was denatured at 95°C for 10 min. Finally, the DNA suspension was cooled to 4°C and used for conducting PCR (Li et al., 2008) . Three sets of primers (synthesized by Invitrogen, Shanghai, China) were used in the PCR analyses to amplify the partial 18S, ITS1, and 28S rDNA D2/D3. Primers for amplification of 18S were forward primer K4f and reverse primer K1r (Penas et al., 2006) . Primers for amplification of ITS1 were forward primer V1 (Ferris et al., 1993) and reverse primer 5.8S (Cherry et al., 1997) . Primers for amplification of 28S D2/D3 were forward primer D2A and reverse primer D3B (De Ley et al., 1999) . The 25-µl PCR was performed using Master Mix DNA polymerase (Invitrogen, Shanghai, China) according to the manufacturer's protocol in a thermocycler. The thermal cycler program for 28S was as follows: denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 45 s, and extension at 72 °C for 2 min. A final extension was performed at 72 °C for 10 min. The thermal cycler program for 18S and ITS was as follows: denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 95 °C for 60 s, annealing at 55 °C for 60 s, and extension at 72 °C for 2 min. A final extension was performed at 72 °C for 5 min as described by Ye et al. (2007) and Li et al. (2008) . PCR products were separated and visualized on 1% agarose gels and stained with ethidium bromide. PCR products of sufficiently high quality were sequenced by Invitrogen (Shanghai, China).
Phylogenetic analysis
The sequences were deposited into the GenBank database. DNA sequences were aligned by MEGA7 (Kumar et al., 2016 .) using default settings. The DNA sequences were compared with those of the other nematode species available at the GenBank sequence database using the BLAST homology search program. The model of base substitution was evaluated using MODELTEST (Posada and Criandall, 1998; Huelsenbeck and Ronquist, 2001) . The Akaike-supported model, the base frequencies, the proportion of invariable sites and the gamma distribution shape parameters and substitution rates were used in phylogenetic analyses. Bayesian analysis was performed to confirm the tree topology for each gene separately using MrBayes 3.1.0 (Huelsenbeck and Ronquist, 2001) running the chain for 1 × 10 6 generations and setting the "burnin" at 2,500. We used the Markov Chain Monte Carlo (MCMC) method within a Bayesian framework to estimate the posterior probabilities of the phylogenetic trees (Larget and Simon, 1999) using 50% majority rule. 
Results

SYSTEMATICS
Male
Not found. 
Juveniles
Two juvenile stages, either J2/J3 orJ3/J4 were found and they were morphologically similar to adults except for their smaller size, shorter tails, and sexual characteristics. There is an immediate and quick progression of odontostyle length which makes it difficult to distinguish between juvenile stages. However, the characteristic feature of J1 as having replacement odontostyle being embedded in the base of odontophore was not observed in any of the juvenile specimens. Based on the information obtained through scatter graph (Fig. 5) , it is not clear whether three or four juvenile stages are present in this species because only two juvenile stages were available to study.
Type host and locality
The type specimens were extracted from the rhizosphere of Gardenia jasminoides (2186-1) and Euonymus hamiltonianus (2186-2) trees from the same container imported from Japan on June 2016 and intercepted at Ningbo Port, P. R. China.
Type specimens
Holotype female and nine female paratypes (slide numbers 2186-1 to 2186-8) were deposited in the nematode collection of Ningbo Entry-Exit Inspection and Quarantine Bureau, China. Five paratype females (slide numbers T550a-e) were deposited in the Canadian National Collection of Nematodes, Ottawa, Canada.
Differential diagnosis
Xiphinema parachambersi n. sp. is a mono-opisthodelphic species characterized by the female having an elongated tail with round terminus, with a hyaline part over one-third of the tail length, the cardia with wide lumen, total stylet length = 169 to 181 μm, vulva located anteriorly at 25.2 to 27.7% of the total body length. Based on the polytomous key of Xiphinema species presented by Luc (1990) and Loof et al. (1996) , the new species belongs to the morphospecies group 1 and has the following specific diagnostic alphanumeric codes: A1, B4, C2, D23, E1, F2, G2, H2, I2, J2, K?, L1. Morphospecies group 1 represents species having single gonad (monodelphic), all the known species in this group are small and have an anteriorly located vulva, simple or undifferentiated posterior uterus, lacking Z organ (Cohn and Sher, 1972) . With the most recent described X. hanzhouense (Cai et al., 2018) , there are 12 nominal species in this group. The important characters to distinguish these species are the shape and lengths of tail and its hyaline region.
Xiphinema parachambersi n. sp. is morphologically most similar to X. chambersi, but can be differentiated by cardia (weakly developed with wide lumen vs well developed with narrow lumen), shorter tail ( (Brown, 1968) , X. hunaniense (Wang and Wu, 1992) and X. radicicola (Goodey, 1936) by an elongated tail with c′ value more than 4 vs a shorter and conoid shaped tail, c′ value less than 4; from X. brasiliense (Lordello, 1951) , X. fagesi (Germani, 1990) , and X. ensiculiferum (Cobb, 1893) (Thorne, 1937) by an elongated tail with c′ value more than 4 vs a short round to hemisphere tail with c′ value less than 1.
To help identifying Xiphinema species in group 1, a key was proposed as below:
1. Tail short round to almost hemisphere with c′ < 1 ………………………………………. 
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Etymology
The species epithet is formed from the Latin word para = beside or near, and chambersi, thereby reflecting its close similarity to X. chambersi.
Molecular profiles and phylogenetic status
The sequenced fragments of near-full-length 18S, 28S D2/D3 and ITS are of ca 1,700bp, 800 bp and 1,000 bp, respectively. DNA sequences of X. parachambersi n. sp. have the highest match with the Xiphinema sequences deposited in GenBank, but with distinct differences, most close to X. chambersi. The near-full-length 18S rRNA (MG786444) from X. parachambersi n. sp. showed a 97 to 98% similarity (differ in 7-34 bps) with X. chambersi, X. ifacolum, X. paritaliae, and X. turcicum. 28S D2/D3 rRNA sequences of X. parachambersi n. sp. (MG786445) showed 80 to 95% similarity (differ in 36-103 bps) with X. chambersi, X. insigne, X. elongatum, X. savanicola, X. setariae, X. vulgare, and X. hangzhouense. The ITS1 rRNA sequence (MG786441-MG786443) of X. parachambersi n. sp. showed 80 to 84% similarity (9-192 bps) and 6 to 9% gaps with X. chambersi. Phylogenetic relationships among Xiphinema species inferred from analyses of 18S, 28S D2/D3, and ITS1 gene sequences using BI are given in Figures 6 , 7, and 8, respectively (Table S1 ). Near-fulllength 18S rRNA gene (Fig. 6) , tree was constructed from multiple sequence alignments of 66 sequences. In this tree, the X. parachambersi n. sp. is grouped with X. chambersi with 100% support, with a sister clade formed by morphospecies which belongs to group 4 and 5, i.e. X. ifacolum, X. paritaliae and X. turcicum. Two other species in group 1, i.e. X. brasiliense and X. ensiculiferum are not close to X. parachambersi n. sp.
The 28S D2/D3 gene tree (Fig. 7) , based on a multiple alignment of 85 sequences, revealed two major clades consisting of X. americanum and X. non-americanum group species. X. parachambersi n. sp. is grouped with X. chambersi and X. naturale in group 1 with 100% support. This clade is in a 100% supported monophyletic clade with some other species in morphospecies group 1 and 7, i.e., X. hangzhouense, X. elongatum, X. insigne, X. savanicola, X. setariae, and X. vulgare. Another species in group 1, i.e. X. brasiliense, are not close to X. parachambersi n. sp.
The ITS1 tree (Fig. 8) , was constructed from multiple sequence alignments of 68 sequences. In this tree, X. parachambersi n. sp. is in a highly supported monophyletic clade with 12 populations of X. chambersi with 95% support. This clade is sister to some species in morphospecies group 1, i.e., X. hangzhouense, and group 7, i.e., X. hunaniense, X. elongatum, X. setariae, and X. insigne.
Discussion
Mono-opisthodelphic dagger nematodes in the genus Xiphinema belongs to morphospecies group 1. This morphospecies group comprises species with anterior genital branch completely absent to a very small post uterine sac. Among 12 species in this group, i.e., X. brasiliense, X. chambersi, X. ensiculiferum, X. fagesi, X. hunaniense, X. hangzhouense, X. monasiae, X. monohysterum, X. naturale, X. orthotenum, X. radicicola and X. winotoi (Loof and Luc, 1993; Loof et al., 1996; Cai et al., 2018) , only a few species were described with molecular characterizations. This study added another species with complete morphological and molecular characterization, which will help to enhance the knowledge and understanding to the classification of this group of nematodes. The diagnostic value of the apparently unique cardia in this new species is still unclear as few species were studied with this structure. The function of cardia is proposed to prevent the regurgitation of the food, however, at this point, we can only assume that sheath-less cardia could be primitive to cardia with sheath.
Our phylogenetic studies suggested that species in the morphospecies group 1 are not monophyletic, and morphospecies grouping was only established for the convenience of identification and do not always reflect the evolutionary history, which is consistent with other studies (Handoo et al., 2016; Cai et al., 2018) . Considering the high variability in the morphological characters in Xiphinema species, it is necessary to use integrated morphological and molecular approaches in species diagnosis, especially in making a regulatory decision regarding the movement of soil and plant material.
Morphospecies group 1 species are mainly distributed in Brazil (Oliveira et al., 2003; Silva et al., 2008; De Jesus et al., 2015) , China (Zeng et al., 2016) , USA, Canada (Ye, 2002; Yu et al., 2010) , Malaysia (Rahman-Razak and Loof, 1998), France (Luc and Coomans, 1992) and India (Loof et al., 2001) . This new species is described from the ornamental plants imported from Japan, which represents the first group 1 species from this country. 
